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0019/042 



-O Ft OLA 



I 



CONFIDENTIAL PROPIETARY 




DISCLOSURE FOR PATENT COMMITTEE 
SUBMITTED PURSUANT TO EMPLOYMENT AGREEMENT. 
FOR INSTRUCTIONS FOR COMPLETION CONTACT 

PATENT COMMITTEE MEMBER IN YOUR ORGANIZATION 
1/94 PLEASE SEND TWO (2) COPIES 



&s8£f Inventor(s) will not fill in g^^^igg^p 



DIVISION 
DISCLOSURE N<X 



COMMI 



TTEE: (INVE 



DATE 



(INVENTOR MAY SELECT) 



^ I Circuits/Packaging 



I Process 



y stems/Software 



Inventors must fill in all items 1 to 14, (PLEASE PRINT OR TYPE) 
ITEMS Z TO 4 MAY REQUIRE EXTRA SHEETS. BE SURE THEY ARE SiGNED, WITNESSED AND ATTACHED . 

1. Name of the invention, (limit to ten words)" Estimation of Maximum and Average Leakage Power in 
MOS ICs 



2. What are the problems solved by this invention? see attached sheets 



3. Give a complete description of the invention, including its operation, purpose and environment. (Use 
separate sheets), see attached sheets 



4. What improvement over known technology is accomplished by this invention? see attached sheets 



5. List the closest known technology (e.g. publication, patent or commercial product) providing the same 
or similar results: "Estimation of Standby Leakage Power in CMOS Circuits Considering Ac- 
curate Modeling of Transistor Stacks, " ISLFED-98 



6. What new elements (e.g. components, circuits, process steps) or combinations of known elements 

Or software algorithm produced the improvement? A new method for estimating maximum and av- 
erage leakage power. 



7, What are the potential applications for use of this invention? Low power, high performance micro 
processors, micro-controllers and circuit designs. 



8. What was the conception date? ■^■■0 (Attach pertinent log sheets, drawings, etc., to support 
dates. Always attach the earliest drawing and the earliest written description.) see attached sheets 



9. To whom did you first disclose this invention? Name: Gopal vijayan Date 

10. When was the device first built and tested? Date? QMHMI Motorola 
State the present location of the device. 

DETERMINATION OF LEGAL INVENTORSHIP FOR PATENT APPLICATION MUST BE MADE BY 
THE INTELLECTUAL PROPERTY DEPARTMENT. 



Inventor's signature (IMPORTANT - YOU MUST USE YOUR FUL L NAME) - NO INITIALS • 
1 1 . Inventors Name: Supomas sirichotiyakul Signature: f?,A**+*vi^ 



Social Security Nc^ _, 436-81-5150 
Badge No.: P4774 ^a^DrC^^^OB 

Dept. No.: RU410 Phone: 512-794-4163 
Country of Citizenship: Thailand 



:Bate: 



Home Address: 11624 Jollyville Rd. #524 

City, State: Austin, TX Zip: 78759 

Manager's Name/Mail Drop: David Blaauw, F3ob 
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Page 2 - Disclosure No. 



MOTOROLA CONFIDENTIAL PROPRIETARY 




12. Inventors Name: Abhijit Dharchoudhury 
Social Security^oj 343-82-6673 
Badge No.: A3062 0^>?%20B 
Dept. No.: ru410 Phone: 794-4346 
Country of Citizenship: India 



Signature: 



Date: 1 



Home Address: 6519 Hiric£e Hollow Dr. 



City, State: Austin TX Zip: 787510 

Manager's Name/Mail Drop: David Blaauw P30B 
ignature: ^^T 7 ^^ rt ^ h ^> 7 



13. inventors Name: David T. Blaauw 
Social Security No.: 242-37-4313 
Badge No.: A0475 Mail Drop: f30b 
Dept. No.: ru 409 Phone: 512-794-4356 
Country of Citizenship: usa 



Signature: "7 ts r !JTT ^ ^ ~y _Date 

Home Address: 5911 camino Seco 



City, Slate: Austin TX Zip: 78731 

Manager's Name/Mail Drop: M. Jackson F30B 



14. Inventors Name: Tim Edwards 
Social Security No.: 525-08-4873 
Badge No.: A1631 Mail Drop: F30B 
Dept. No.: RU 410 Phone: 512-794-4343 
Country of Citizenship: tjsa 



Manager s Name/Maji urop: m. Jackson 
Signature:^ )//^^^ Date: 

Home Address: 4717 Alt a Loma Dr* 

City, State: Austin TX Zip: 78749 

Manager's Name/Mail Drop: David Blaauw F30B 



15. Inventors Name: Chanhee oh 

Social Security No.: 464-85-2976 
Badge No.:A573l =r ^J^op^^OB 

Dept. No_:RV410 Phone:512-891-4015 
Country of C it izenshjp_:_ Korea 



Manager s Name/Mail Drop: Davx 
Signature: 

Home Address: 272 Fawn Ridge 



Date: 



City, State: Cibolo, TX Zip:78108 
Manager's Name/Mail .Drop: David Blaauw F30B 



15b. Inventors Name: R*0*n6ran Panda 

Social Security No.: 322-36-4628 
Badge No.: A3 5 0 5 < ^N/a^'^ ropf "^OB 
Dept. No.: R^4io phone: 512-891-4345 



Signature: 



r 



Date: 



Home Address: 1302 Spyglass Dr. #175 

City, State; Austin TX . zip: 78746 

Manager's Name/Mail Drop: David Blaauw F3 0B 
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T THEY UNDERSTAND THE 



Date 



.Date:! 
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Page 3 - Disclosure No. MOTOROLA CONFIDENTIAL proprietary 

Items 18 to 26 are to be filled in by the ENGINEERING MANAGER. LABORATORY MANAGER or above, 
THE MANAGER IN SIGNING THIS FORM ATTESTS TO THE FACT THAT THE MANAGER 
UNDERSTANDS THE INVENTION. 

18. What product will this invention be used in? (No codes names - use brief description if necessary) 
Invention will be used in design of: Motorola digital ICs. 

19. When is the estimated shipping date? Not Applicable 

20. When (was)(will) the first offer for sale of a product incorporating this invention (be) made? ' 
Date: Not applicable 

21 . When (was)(will) the first disclosure outside of Motorola (be) made? Planed for dat e conference. 
How and to whom? State title and date of publication, if any. submission date : fHHB§ 

22- What is the market for products incorporating this invention? Microprocessors and microcontroller 

23. Who are the potential competitors: Internal CAD organizations within Motorola competitors 

24. Did this invention result from work on a development Contract? (YES)(NO) Contract No. No 
Who was the contracting party? 



25. Discuss the business impact that this invention will have on Motorola. Provide accurate measurement 
of maximum and average leakage power of Motorola digital ICs- 

26, Manager's Name: Bill Read Signature: 
Phone: 794-4021 ^ 



^ Date: 

794-4021 
Dept. No.: ^532 



Witness Signature; 
Witness Signature; 
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2. Problems Solved 

Increase usage of battery operated devices has created a greater need for circuits with very low stat- 
ic leakage current. More stringent specifications are being placed on the amount of leakage power 
drawn while a device is in the stand-by mode. The leakage power consideration has become even 
more important in the deep sub-micron and sub- IV circuits. In such cases, a low threshold voltage 
device is required to maintain performance, which results in high subthreshold leakage power. As 
a result a careful trade-off between performance and leakage power has become essential. In mak- 
ing such a trade-off, an accurate estimation of leakage power is needed. Subthreshold leakage pow- 
er is the most dominant component in leakage power dissipation. In this patent, we propose a new 
method to efficiently estimate maximum and average subthreshold leakage power dissipation in 
MOS digital circuits. 

3. Description 

The subthreshold leakage power estimation proposed involves the following steps. First all 
dominant leakage states of each DC-connected component are identified. Subthreshold leakage 
power is highly dependent on the circuit state in stand-by mode. In real application the circuit state 
for stand-by mode can be partially unknown or even fully unknown. A dominant leakage state is 
defined as a state which can contribute significant amount of leakage power in the circuit Non- 
dominant leakage states are guaranteed to have much less leakage power than dominant states and 
can be ignored in the calculation. The dominant leakage states are identified using a modified 
cutset finding algorithm, graph reduction techniques, and a greedy approach in assigning the 
remaining unknown input states in the reduced graph. In the next step, a simple DC analysis is done 
for the reduced graph of each dominant state to calculate the subthreshold leakage power of that 
state. TTien, the maximum and average subthreshold leakage power of the DC-connected 
component is calculated from these dominant state leakage power using state probabilities. The 
maximum and average circuit leakage power is then obtained by the summation of all DC- 
connected components' maximum and average leakage power. 

4. Improvements Over Known Technology 

Our method provides a new approach to estimate both maximum and average leakage power in a 
fast and accurate fashion. This approach is novel in that it determines the dominant states needed 
for DC analysis. Generally, the number of dominant states is much smaller than the number of all 
possible states which is exponential with the number of input. It -also utilizes state probability in 
the calculation to provide a more accurate estimation. 



4 
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